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The inactivation effects of physicochemical factors on
African swine fever virus
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Abstract: [Objective] The purpose of this research was to understand the biological characteristics and
physicochemical resistance of African swine fever virus (ASFV) in China, so as to improve the biosafety level of
pig farms for the prevention and control of African swine fever. [Method] Hemadsorption test and gPCR test
were used to verify the inactivation effects of different physicochemical factors (including static treatment,
temperature, UVC irradiation, indoor and outdoor drying, sun exposure and disinfectant) on ASFV. [Result] UVC
irradiation for 30 min could inactivate the virus, the longer the irradiation time, the more serious degradation of
ASFV nucleic acid. Indoor drying for 2.5 d, outdoor drying for 1.5 d or sun exposure for 30 min could inactivate
ASFV, but these three physical factors had no effect on ASFV nucleic acid degradation. ASFV was susceptible
to common disinfectants tested in study, except iodate mixed solution, all disinfectants could completely

inactivate ASFV when treated at room temperature at the recommended diluted concentration for 15 or 30 min.
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An increase in temperature (4, 25 and 37 C) enhanced the inactivation effect of disinfectants. The presence of

organic compound FBS could weaken the effect of disinfectants, and an increase in the volume fraction of FBS

(0, 10% and 30%) could reduce the inactivation effect. [ Conclusion] This paper systematically studies the

effects of common physicochemical factors on the inactivation of ASFV, which is helpful to fully understand the

biological characteristics of ASFV, and has important guiding significance for clinical prevention and control of

African swine fever.
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AEINIEIE (African swine fever) A& H AR IR
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VIR B P A v R R A ) AR B, T
JERGLAN [F] it PR A SRR B B R, BB 2 1
15 100%. tHF 2% LA 421 (World Organization
for Animal Health) % H.514 A KW Ew, B 2&1%
TE R BN . ASFV & —Fh 3 5 15, SR 4
NXUEE DNA, K/A 170~192 kb, AR A BRI &
HE, R A P I ) R, PR U T A R N AR
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TV 53 77 N A 2 A )G et A 5235
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VR ER, WA AL T S IR 2R 2 5 e LV
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Hl 27 R 2R BT 52 ARG 0 22, B 70 R C A9
AL (UVC) T N AT BH G2 IR %
Ak Z 9 B AL B ASFV, Ji i 4 il v B e 40 i
(Porcine alveolar macrophages, PAM) 1) £ 4 g W it

(Hemadsorption, HAD) X% 1 qPCR {46, Wl &
ASFV 14140 H W P45 1 0 2 DR 4 DUBS, R G vy
ity &P WA R 25 A0k 2V 55 A6 ASFV T
oA KOMRZ R FE fi (R RE R, A28 S i DR 7 428 A N
PEALEEL SRR

1 MRI57EE

1.1 ApafnEtk

PAM B R ROV K 225K FE L1 2082 R4 (A
W) G — o B, TRAF T ASFV Ffk
GZ201801(MT496893.1) AR 7 &, (17T
R RN KB % A = R =
1.2 EZERFH

DNA il & A Z R E R AR A
P2 s BEER 2R 22 RV (PBS). RPMI-1640. fifi 4 IfiL i
(FBS) A& 0.25%(w)EDTA () i i H %
GIBCO A #l; HffH DNA R &8 ANF KK
DNA marker A H A TaKaRa /A & 7% i ; Probe gPCR
Mix JRARAYIA IR A T 5 40 G k) & W i
H Invitrogen 2 ) ; HMIRAZIBIE B A FEIRA A &
PR PR 28 W | BOT ft R  E2 L 22 A 340 S b i
TAERHE A IR 2\ 72 s CCK-8 iXFFI &I 3 Fifg
B REDHEARA WA T HAbF G50 5 4
TA TR (L) BRAF-.
1.3 LIRS &

FH 25 B s A WSO o 5 10 8 1 R L, i TR
1:8 MIRFR L IN N IE & (1 PBS, 35 F T EE $ux
J&i» 2000 r/min &0 5 min, 3 5, BE G 3~4
W g —RFF BiEWE, F S &I BUM AR AR S
ff) PBS £ 2140 M 0 vE, B M ) 4% 1) 20 40 g 2
(AN BRARF B2 2%), BdF LR BLRE, 45 4 C
{RAF, WHE AR 3 d, — B AL, (A5 H .
1.4 qPCR AUNE

FIH 519 B4 %1 ASFV P72 2K 1
qPCR 514, BAR519005 B W& 1,
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# 1 ASFV P72 EEF% p-actin Z=EH) qPCR 595Kt
Table 1 Primer and probe for qPCR of ASFV P72 gene and porcine f-actin gene

5190 fL % /bp
Primer/probe Sequence Location
ASFV F: 5'-CCC AGG RGA TAA AAT GAC TG-3' 893~912
R: 5'-CAC TRG TTC CCT CCA CCG ATA-3' 940~960
5'-/56-FAM/ GGC CAG GA /36-TAMSp/-3’ 930~937

P-actin F: 5'-GGA TGC AGA AGG AGA TCA CG-3' 1 022~1 041

R: 5'-ATC TGC TGG AAG GTC GAC AG-3' 1132~1 151

5'-/56-FAM/ GGC CAG GA/36-TAMSp/-3' 1121~1 128

qPCR W Mk R 5 I M) #514% 1 TIANGEN
) PIE E B PCR GH (R EH%) Wl B & .
qPCR £ LightCycle®96 £l %4t F#17, PCR MV
FEF: 95 C 48P 1 min; 95 °C A8 55, 60 C iB
K IEfRH 15 s, 3£ 40 NMEM . qPCR SES, 8T
FH B (/) FCL 28 3 A 2 A 5 A FE i YD Cte
1.5 AEFHEFHXT ASFV BI5200

¥ ASFV Jod 5E3 070 0l A 47K AR 2R 25 /KR f
IR GIAKURIFER K L) Wk 225 855 88 10' HADsy
mL(HADs, A5 40 40 f W b i), FASRNREE (44
25.37 C) M TEE . B RIATHE N EIL, @it
HAD 56 ) 58 i 7502 A0S, B M0 BE 3 IRE A .
1.6 UVC FREIXT ASFV BISZNT

¥ &4 ASFV 14 FBS(p N 50%) 40 i1 777
BHE S H ASFV NI, FH PBS ¥nEi & &
FiBEN 10° HADso/mL, 3 3& T B 4% 33 mm “FILH,
FEACFILN 500 pL K5 F# W, /£ UVC 5 E N
110~120 pw/em® 25t N EAT BRGS AL FE, Kb 3R (] 43
124 304 60+ 90, 120 150 180 210 min 1 0. 3. 6.
9. 15, 20. 30+ 40 50, 60 min. UVC AbFE5E i )5,
¥ 50 uL FER I TRZEEHE PAM ¥ 96 LA i %
FEBR R, 8 HAD 1056 ) 7€ AN 7] UVC RIS ] %)
I B HIEZ I, [FIEE T gPCR &2l UVC X} ASFV
RIS . A0 3 IRE S, 45 1P EEhR
HEZERIN,
1.7 FUIEEHST ASFV BN

¥ EH ASFV 4HiE 777K, H PBS #ikk 270
B8N 10° HADs/mL, £ T B 4% 33 mm T
H, IR 7 BN 3 ANEAR 2 mm (/8L BT
LA 200 pL, 7649 % A pE Hp P T8 . R )5
3 BT = PRI ) AR AL IR, D SR R IR
FE o S BIFETHE 0. 0.50 1.0 1.5. 2.0+ 2.5, 3.0. 3.5,
4.0, 4.5 f15.0dJ5, BL 50 uL SN T HH A
PAM [¥] 96 fLAHEIE 7= Mk 4, L HAD {58 # &
AN [ AR R B s B s o [RI, S@id qPCR it
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EHebrdEZ RN . I H, WEAFFHERZEAXT ASFV
T AR 2
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43 BIAEALEE 04 5. 10+ 154 204 30+ 35. 50 Al 60 min
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85 7R A, I HAD 33056 340 5 AN (7] 22 A7 ) [ %o
5 55 B, E T qPCR IR I K W BH 6 2 G
ASFV &R [ 52 m, I H 9 5 BH ' 5 0 % ASFV
T B R
1.9 SHEFIXT ASFV BIR KR

5399 3% BUAN [) 28 500 A A A R 73 & T 5
A (R, AT 70 4L 37%~40%); F715 IR
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B A SRR B =10%): 84 W F 9 (G 77
25, ARERRDH 5% A EAK (EHlTSE,
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PREQAN (), A AR FA 4 30%); AR (F
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% BEARFR A H 20%); %K (R RN 2R VR
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£ 10%) FRERTER A iAW (IR IR VR A 25, AR
3B 3% IR R FN 20 H0 30%) . 2 18 253 55 771 () il
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i PAM 11 96 FLAHERE FR MR, @ik HAD 56
)7 AN RV B 77 B FEAN [F A FH R[] X060 95 5 PR 52 10
1.10 REXHEETRK ASFV MRS

3 3 BAS [F) 2 00 Y 23 77 - 2R ER 28 AT
o R A B R, R 2 R A
PBS #ikE, 3 5% AF 10° HADso/mL (9% %5 A
TETE IR (425,37 CYAHEERA, fEH 5 M
15 min Ji7, R R R 2506 i 22 4 Y L RN
et H PAM ) 96 FLYH B 7541, J8id HAD
TRIR H) 78 7E AN [R)IL B 2% A T A R0 23 7700 00 28 %
PVEIINEAP
1.11 A FBS MHEF RN ASFV RAFNT

a3 I BOCAS [F) 00V 25 77 - R 25 A
AR R AU e R R BR, K S R
AN & & FBS (I PBS #ift, H 554 10°
HADs/mL FIR SRS . IRE )5, THEE &K
JE T B T YRR B W, FBS AR A0 $0 2 oM 0.
10% A1 30%, 1 15 1 30 min J&, BEE AR E
X4 i 2 A Va RN TSR E A PAM [ 96 FLA
Mo s F2 M, 1@ HAD 3056 2 @ AN [F] & & FBS X
AN B 77U O B R B
1.12 HAD;, ZER¥IE

R4 b AH DR 2R 5 9 2 70 A B 58 1 1) 0 B VA
50 uL, IIATRSCAE A PAM 1) 96 FL4H 1% 7R
i, EAEE 1AL, 37 CE 2h )G, FERE
IONGRAES T2, T 37 Cl 5%(p)CO, 15 77 58 15 97
4d 5, MAGHEERLE 1%(p) J 440 AW 40 L,
T 37 'C. 5%(p)CO, BEFRAR 4R ELREFR 24 h J51E WA
BT UL T H I T A PR B o 2 R AT A
B, MR B ASFV [AEAE, bRidh “+7 3 & IR4
YA B, M BE TG ASFV BIAETE, FRiEH “—7
SERAHE B 3 IR H 45 RA—EL Wbsidy “+” .

2 GBR55H

2.1 ASFV EERNE

B ASFV 7£ PAM 4 1 3958 55 57 I O 41 B 15
F%_LIEW, W BB N 10° HADsy/mL . 4% 1
36 75 5K, B 553% N 10° HADs/mL, JIUE T
—80 C fRA7
2.2 FREIEEEMHEYT ASFV HFiERFN

ASFV fEA A S&AF M E AL S, H HAD ik
B AS M BEAF IS 15 00, 45 R BoR: IR (25 C) %14
T, ASFV [BRGL I TESE B ki e LR FF 14 d, 7054
Bk I H BE LR R 30 d, FEZE/KH BELR KR 22 d, 7E4E
LK AR 60 d LA_E; K55 ASFV gk AfiE

HE K E TAFRE (4. 25,37 °C) &4 F, IR
fiX, ASFV BGL 1 ORFEI T (R 2).

F2 ASFV EREIFHTHENFERY
Table 2 Survival days of ASFV standing under different

conditions d
Szfnfle 4°C 25°C 37°C
il 14
Swine venous blood
K& BN I 30
Swine arterial blood
a7k 36 22 17
Pure water
A FRER K >75 >60 40

Normal saline

2.3 ASFV ¥t UVC BBEHIm =

FESRIE A 110~120 pw/em’ [ UVC /EH R, 30 min
S VA () 1 HE SR R AT A5 5 FBS 4 i 335 977 i B4
H 35 FE M 1K ASFV 58 4 2R3, 2R 23 I8 R 41 o (1) R
71, B ASFV X UVC BUK, & FBS 20 M85 7= )
H ) ASFV FIAH M3 720 1) ASFV X UVC BUs
PEAACL (36 3). UE4h, @i qPCR 365 Hr UVC Xt

#3 UVC B3 & FBS 415 7 WA M AR IE 7 &
ASFV RN

Table 3 Effect of UVC irradiation on ASFV infection in

FBS-containing cell supernatant and cell

supernatant
Tl R
t/min .

Supernatant Hemadsorption
EFBSANLEE TR 0 + 26.65+0.37
FBS-containing 30 - 28.03+0.95
cell supernatant 60 - 29.32+0.72

90 - 31.34+0.89
120 - 32.44+1.11
150 - 32.83+0.82
180 - 32.77+0.91
210 - 31.61+1.88
A R 0 + 24.65+0.29
Cell supernatant 3 + 22.12+1.59
+ 23.58+0.61
9 + 24.01+0.82
15 + 24.27+0.41
20 + 25.02+0.65
30 - 25.89+0.52
40 - 27.54+1.28
50 - 28.15+0.77
60 - 30.16+0.39
1) “+7 . snm BB M, “—7 . R4rimeeR

1) “+”: Hemadsorption, “—”: No hemadsorption
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ASFV R B, 458 87x: UVC Bei8 B {K
ASFV XF 20 B 1) L B8 77, =i iR BE I UVC BEME T
N ASFV i#4£4) 5, UVC 15 i a4, gPCR &
S F) ) Ct B, N ASFV M & 1 [ fift bk 7™
(& 3).
2.4 ASFV 3T 1RHMT 52

FE AR50 A BT 2% A T, B E S BRI N
28~32 °C, MM ERIE N 25~26 C . fERLIUI T
s ANIRESE, ASFV 78 1.5 d J5 2%0%, TETIRAE
WIRNER, 2.5 d JG 23 s o3 85 8% Gy 77 bt b B I (]
R REKC B N B, =AM 1.5 d ENTFE2.5d
J&, ASFV 584 50% (£ 4). 45 RE 8 ASEV 3f 18
BURK, 5T IR PAIE T Puid 2k 23 I 4 4 i 1) e

i qPCR W58 7 T T 15 ASFV IR 1 52
M, & RSN (RN, EAE N TR,
Rl i Ce A, BRI, R ZEEN
AN TR BE X ASFV 8 4L 4 5 11 5 1 )
A (G5 4).

®4 EIMIERTREIFEI ASFV BEDHIFT
Table 4 Effects of outdoor and indoor drying environment

2.5 ASFV S PHERIERIM 2

WIS BLEAF T, W33 UVC 5 E N 25~30
uw/em’s 25 RN 32 °C PG ESHEE A 38~40 C.
ASFV (1YL 7 [t A B IS [ (1) %iE K T 3 387 B AR
30 min f& LA B [E] () R AL 2, ZREEAE ASFV 584
K, RFIRGAI M RE 7T (3R 5). MeAk, @it
qPCR R 5/ B85 72 ASFV 2, Ct LA B
%, 22 BHOE B AR A KRB TR ASFV 384E 4 it
IR ANE . (% 5).

x5 PRLRMXAMIET RS ASFV BRI

Table 5 Effects of sun exposure on ASFV infection in cell

on ASFV infection
Sy oy SR
Environment i Hemadsorption (HA].DSO.H?L ) c
lg(Virus titer)

£V 0 + 6.67£0.07  24.75+0.24

Outdoor 0.5 + 3.38+0.33  24.86+0.65
1.0 + 3.17¢0.44  25.3340.36
1.5 + 1.59+0.26  25.48+0.71
2.0 - 0 24.21£0.33
2.5 - 0 24.18+0.72
3.0 - 0 24.12+1.21
4.0 - 0 24.74+1.47
4.5 - 0 25.01£0.57
5.0 - 0 25.67+0.78

) 0 + 6.50£0.13  24.58+0.44

Indoor 0.5 + 3.67+0.56  24.62+0.58
1.0 + 1.75£0.13  24.55+1.36
2.0 + 0 25.60+0.87
2.5 + 0 25.87+1.72
3.0 - 0 25.02+0.65
3.5 - 0 25.9240.21
4.0 - 0 27.54+1.28
4.5 - 0 28.15+0.77
5.0 - 0 30.16+0.39

1) “+7 s entmpaR M, “=7 . Rbrdm iR

“_»

supernatant
gy SR
{/min Hemadsorption (HA].)SO.H?L ) ct
lg(Virus titer)
0 + 6.63+0.33 24.98+0.56
+ 6.55+0.38 24.35+1.09
10 + 4.34+0.47 24.39+0.76
15 + 2.71+0.29 25.10+0.35
20 + 2.84+0.82 24.06+1.55
30 - 1.67+0.19 24.53+0.93
35 - 0 24.27+0.95
50 - 0 24.98+0.79
60 - 0 24.87+2.12
1) “+7 ceampaB i, “—7 . Rersmfe R
1) “+”: Hemadsorption, “—”: No hemadsorption

2.6 HEFIXT ASFV BIRK

T HAD 8056 36 10F 25 F 8 50 19 AR 3R 9 75 771
X ASFV [ 2% KBS, 4% BEHESE I3 R £ 45,
B elil. 84 T BE MR I M. & 7 R B A
TR A HEW K2 RS M S Ik —
R RE M ASFV 5842 0%, AT BRI M BE 100 fiF. T
A <<200 % H 8 A <300 f5. R EE<<2 000 1% fE
f8 ASFV 5842 3%, kLWL BIRE T (3R 6).
R R RS BN 105 000, 8 I 1] 04 451 =30
min 4 e ASFV 588 K05 . 25 b, FRIRIE & %
WAL, #2503 B8 1 BE A 20K K ASFV, HiH#H
20k SR i Y 5 77 VA E IR 2 v R Y B I TR] AR ZE K T
5
2.7 REXHEETIZRR ASFV BRI

TR BRI E N (B T R RSB AR A
H=10%) X ASFV (1) 3% KAE FH 52 i B 52 A B 5
(Bl 1a); 6 (AR5 E08 41%~49%. BSR4
U HURN 22%~26%), I BRER A (5 A 5
H=10%), I (BRI E0N 20%) Ao
25 (BT 243 5040 15%) 4 FhiE B FIG ASFV (4
KRB 2 EER T (] 1b~1e). R FFAK,
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6 HEFIXT ASFV LIARIRHIBE SRR
Table 6 Effects of disinfectants on ASFV hemadsorption capacity
5 b o LL R D
#Fx H51 Ry R A Homadsrption
Name Classification Active ingredient Dilution ratio : :
15 min 30 min
I (25 e 1:100 - -
Formaldehyde Aldehydes Formaldehyde 1:200 _ _
1:500 - -
FIERIR &S FIERIR 1:50 - -
Citric acid Acids Citric acid 1:100 _ _
1:200 + +
e BN SN 1:50 - -
Caustic soda Alkalines Sodium hydroxide 1:100 _ _
1:200 - -
SEL) S i T R 1:200 - -
Virkon Oxidizers Potassium hydrogen persulfate 1: 400 _ _
1800 + +
84VH T S 71 AR 1:100 - -
84 disinfectant Chlorine preparations Available chlorine 1:200 _ _
1400 - -
EEH S 7 DR IRES 1:250 - -
Bleaching powder Chlorine preparations Calcium hypochlorite 1:500 _ _
1: 1000 - -
TR RIRIR A S 771 ARG 1:250 - -
Dichlorocyanuric acid ~ Chlorine preparations Available chlorine 1:500 _ _
1: 1000 - -
B3 FHELR TSR T R IR AL 1:300 - -
Povidone iodine Quaternary ammonium Didecyl dimethyl ammonium 1: 600
solution salts bromide A
1:1200
- 25 e 111000 - -
Glutaraldehyde Aldehydes Glutaraldehyde 132000 _ _
1:5000 + -
LR TR A7) W ZRtedh 1:100 - -
Anabasin Mixed preparations Glutaraldehyde, quaternary 1:200 _ _
ammonium salt
1:400 - -
REh pEaE bl My, BETR 1:100 - -
Compound phenol Mixed preparations Phenol, Ethylic acid 1:200 _ _
1:400 - -
J3 T S R T T TR 1l 77 ST TS T HIILRAL 11500 - -
Glutaral and deciquam  Mixed preparations Glutaraldehyde, didecyl dimethyl 1:1000 _ _
solution ammonium bromide A
1:1200 - -
i TRE [ N 1:150 - -
Compound Mixed preparations Glutaraldehyde, 1:300 _ _
glutaraldehyde benzalkonium chloride 1 600 B B
FIPR R 58 W TR A7) . B 1:100 +
Iodine and acid mixed =~ Mixed preparations lIodine, phosphoric acid 1200 T
solution )
17400 +

1) “+7 . ¢tmpR B, “=7 . R sm R
1) “+”: Hemadsorption, “—”: No hemadsorption
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F B % %1 Dilution ratio Mkt {44 Dilution ratio
1:1200 1:1600 1:2000 1:200 1:400 12800
- IS |
15 min o O
S min o O
. m . m | . 1m - m . m
a: Z=H IR Quaternary ammonium salts b: &4 Compound phenol
1:200 1:400 1: 800 1:2000 1:5000 1:10000
. - IS
15 min ® 0 o L
5 min @] ® o o o O o o
| | 1 | .| 1
c: IHREREHT Potassium hydrogen persulfate 4°C25C37°C 4C25C37C 4C25C37°C
d: X% Glutaraldehyde
1:100 121000 1:10000
- I
15 min o O
5 min [ I N )
- 1m - 1m . 1m

4°C 25C37C 4°C 25C37C 4°C25C37°C
e: Bi#Z% Alkalines

P 63 P AR 2L 4 e Bk e 5 SR B A, 0 € Tt Pl QA £ 4 e R 6 45 SR O B

White circle represents the negative result of the hemadsorption test, and red circle represents the positive result of the hemadsorption test
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Fig. 1 Influence of temperature on the ASFV inactivation effect of five kinds of disinfectants
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Fig.2 Influence of FBS with different volume fractions on the ASFV inactivation effect of five kinds of disinfectants
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